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unrelated isolates. E. coli 0157:H7 isolates recovered from the incriminated meat and from 61 (96.8%) of 63 patients from Washington and Nevada possessed identical A restriction fragment length patterns. The A restriction fragment length polymorphisms observed in 11 (91.7%) of 12 day-care center patients were identical, but they differed from that of the strain associated with the multistate outbreak. E. coli 0157:H7 from 42 patients temporally or geographically unrelated to either cluster of infection possessed unique and different A restriction fragment length patterns, except for paired isolates from three separate clusters of infection. These data demonstrate that the hybridization of DNA digests of E. coli 0157:H7 with radiolabelled bacteriophage K DNA can be a useful, stable, and discriminatory epidemiologic tool for analyzing the linkage between strains of E. coli 0157:H7.
Escherichia coli 0157:H7, an important and common human enteric pathogen (6, 7, 15) , causes diarrhea, hemorrhagic colitis, and hemolytic uremic syndrome. E. coli 0157:H7 is among the most frequently isolated pathogens in North American microbiology laboratories which routinely seek its presence (5, 8, 10, 18) . Different isolates ofE. coli 0157:H7 possess relatively few characteristics with which one strain can be reliably distinguished from another. Characteristics which have been used to differentiate strains have included Shiga-like toxin (SLT) genotypes (11, 13, 19) , plasmid profiles (13, 20) , restriction digests of plasmids (20) , electrophoretic types (21) , restriction fragment length polymorphisms (RFLPs) generated by pulse-field gel electrophoresis (2), bacteriophage typing (1), and antibiotic susceptibilities (17) . Each of these techniques assigns E. coli 0157:H7 strains to a limited number of subtypes or is performed in only a few reference laboratories.
Recently, we studied the restriction fragment pattern generated by digesting E. coli 0157:H7 genomic DNA and probing with radiolabelled X DNA. The A RFLP pattern identifies multiple subtypes of E. coli 0157:H7 and discriminates among E. coli 0157:H7 isolates better than does probing such digests with radiolabelled rRNA or toxin genes (16) . Plasmid profiles and toxin genotypes are also less discriminatory than X RFLP analysis of restriction fragments (14) . However, the validity and utility of states and was associated with the consumption of inadequately cooked ground beef at multiple outlets of a restaurant chain (3). The multistate outbreak strain contained genes encoding SLTs I and II, which is the most common SLT genotype (13, 19) three isolates of E. coli 0157:H7 recovered from the incriminated ground beef. This common pattern among patient isolates is displayed in Fig. 1, lanes 1 to 5, 7 to 11, and 13 to 19, and Fig. 2, lanes 3 to 17. The X RFLP pattern displayed by the E. coli 0157:H7 strain isolated from the meat is shown in Fig. 2, lane 2 .
Two of the three Washington State isolates with X RFLP patterns which differed from the pattern of the outbreak strain were identical and from the same patient, and this patient's family could not identify exposure to the incriminated vehicle or to primary cases (Fig. 2, lane 18) . A third isolate from a patient in Washington State possessed a X RFLP pattern which differed from the pattern of the multistate outbreak strain, but in this case, an exposure to the incriminated meat was reported. The X RFLP pattern of this strain is shown in Fig. 1 the same A RFLP pattern as the 1993 multistate outbreak strain or the Nevada day-care center common strain (examples provided in Fig. 3 ). The dissimilar X RFLP pattern of one of these isolates, recovered from a patient in Oregon in February 1993 whose infection was epidemiologically linked to the consumption of mayonnaise, is shown in Fig. 2 RFLP patterns, and this pattern was identical to the X RFLP pattern observed in the strain isolated from the incriminated ground beef. The X RFLP patterns of four E. ccli 0157:H7 strains isolated from two patients with a reported exposure to the incriminated vehicle differed considerably from the pattern of the multistate outbreak strain. In one case, the single strain tested contained many fewer fragments with homology to the X probe, and the homologous fragments had mobilities quite different from those of fragmnents from the multistate outbreak strains (Fig. 1, lane 6) (Fig. 2, lane 18) . Therefore, we conclude that the X RFLP pattern is sufficiently stable for identifying epidemiologically linked cases.
The data presented above also confirm the ability of A RFLP probing to distinguish among E. coli 0157:H7 isolates of diverse origin. As negative controls in the present study, we studied 42 E. coli 0157:H7 strains which were geographically or temporally unrelated to either the multistate outbreak or the Nevada day-care center cluster of infection. These 42 strains possessed 39 unique X RFLP patterns. The three pairs of common RFLP patterns were epidemiologically linked as either residential or day-care contacts. These data demonstrate that the stability of the A RFLP pattern is seen in additional strains of E. coli 0157:H7.
Of the 12 strains of E. coli 0157:H7 isolated from patients attending a day-care center in Nevada, 11 possessed identical X RFLP patterns which did not resemble the k RFLP pattern of the multistate outbreak strain. The single distinct K RFLP pattern was quite different from the pattern displayed by the other strains isolated from day-care center attendees. The recovery of strains with discordant A RFLP patterns from this day-care center patient and from single patients in Washington and Nevada suggests that some patients with epidemiologic associations with point source infections with E. coli 0157:H7 may have acquired their infecting strains elsewhere.
The SLTs I and II produced by E. coli 0157:H7 are encoded by genes on lambdoid bacteriophage (11) . The K RFLP patterns that we presented in this report suggest that DNA sequences related to these lambdoid bacteriophage genes are quite variable. The origin of this variability remains speculative. It is unlikely that multiple different lambda bacteriophages separately infected different host strains of E. coli 0157:H7. Rather, it is more plausible that an E. coli 0157:H7 progenitor was infected with one or more SLT-encoding lambdoid bacteriophages and that the bacteriophage DNA has undergone subsequent evolution in the progeny of this initially infected strain. This evolution could be driven by recombination with other lambdoid bacteriophages that coinfect E. coli 0157:H7 isolates during passage through animal and human hosts. However, our data suggest that the evolution and mutation of bacteriophage-related sequences in E. coli 0157:H7 are not so rapid as to interfere with the ability of K RFLP analysis to identify the outbreakrelated strains of this pathogen.
A RFLP probing of E. coli 0157:H7 may have valuable epidemiologic applications. Most E. coli 0157:H7 infections are sporadic, and the origin of infection is unknown. Cattle carry E. coli 0157:H7, and it might be possible to use this technique to trace strains through the food supply. Additionally, apparently unrelated cases of E. coli 0157:H7 infection might be investigated and identified as having originated from the same source. In this regard, synchronous infections with E. coli 0157:H7 can occur in general populations (12) , and this technique might be used to establish or refute the possibility of linkage between cases of infection. Finally, by using multiple restriction endonucleases, a sample of the base composition of the chromosome of E. coli 0157:H7 can be obtained, albeit limited to integrated A bacteriophage and the region surrounding the site(s) of integration. This sample can be used as a tool to discern the relatedness between strains of E. coli 0157:H7, thereby providing an estimation of the genetic distances between strains of this serotype. Because E. coli 0157:H7 isolates are so closely related to each other, it has not been possible to use phenotype analysis (multifocal enzyme patterns) to gauge these distances (21) .
In summary, we demonstrated that the hybridization of restriction digests of multiple unrelated isolates of E. coli 0157:H7 with radiolabelled bacteriophage X DNA provides multiple differentiating patterns and that these patterns are stable between strains derived from multiple patients in a large multistate outbreak and a smaller day-care center cluster. This reproducible, stable, and discriminatory method is therefore useful for the epidemiologic analysis of strains of E. coli 0157:H7 and can be extended to sporadic cases and possibly to phylogenetic studies of this important human pathogen.
